Abstract. [Purpose] This study was performed to investigate the effect of microcurrent electrical stimulation on the foot blood circulation and the degree of pain experienced by diabetes patients.
INTRODUCTION
The increasing aging of society is associated with a rising incidence of chronic diseases such as cancer, diabetes, high blood pressure, and arthritis. In Korea, the occurrence of diabetes, which is viewed as a representative chronic disease among these, is showing dramatic increases largely due to the rapid economic growth of Korea, adoption of a Westernized diet, and changes in lifestyle 1) . The worldwide prevalence of diabetes is also increasing: about 38% of the population over the age of 65 has diabetes 2) . In Korea, diabetes is now the 4th ranking cause of death 3) .
The prevalence of peripheral vascular disease in diabetes patients increases with age and with duration of the diabetic condition. The incidence of coronary artery, peripheral artery, and cerebrovascular disease is also very high among diabetes patients 4) . The risk of presenting with peripheral arterial diseases is two to four times higher in diabetes patients than in those without diabetes 5) . One of the important symptoms of peripheral vascular disease is ulceration of the foot, which is found in about 6% of diabetes patients. In most cases, foot ulcers occur due to macrovascular disease that affects the blood supply to the feet 6) . Prevention of diabetic ulcers, one of the most common and serious complications of diabetes is very important because it can lead to lower extremity amputation or can progress to sepsis if wound healing is delayed, thus affecting quality of life.
Microcurrent is now being successfully applied to promote healing in a number of situations including soft tissue healing and the treatment of fracture nonunion, among others 7) . Microcurrent can be viewed as a form of electrotherapy, but it differs from general electric stimulation therapies such as transcutaneous electrical nerve stimulation, faradizations, or sonophoresis that employ mA amounts of electric current for the treatment. Instead, electric current of μA magnitude, which is very similar to a typical bio-current, is applied for microcurrent treatment, not only for wound healing, but also for other interventions.
Microcurrent electrical neuromuscular stimulation (MENS) has drawn attention as a very effective therapeutic method. This new development in electric treatment has evolved from progress in electrical engineering as well as a new theoretical understanding of the pain repression mechanisms in living organisms. Because microcurrents are a very low currents, within the range of physiological electric currents in the physical body itself, it provides advantages such as increased sensory comfort and excellent stability, with no muscular contraction, electrical discomfort, or significant side effects 8) .
Low electric stimulation is a promising approach for angiogenic therapy 9, 10) . Electric field stimulation is known to enhance the secretion of growth factors 11) . A distinct therapeutic effect of ultra-low microcurrent has also been reported for diabetes, high blood pressure, and wound healing in recent reports 12) .
In Korea, microcurrent has been shown to delay the onset of myalgia 13) , improve sympathetic nerve tone 14) , promote wound healing 15) , increase β-endorphin and pain threshold levels 16) , repress bacterial growth 17) , reduce foot muscular fatigue and pain 18) , and increase the blood flow rate 19, 20) . Pain alleviation and tissue changes induced by microcurrent therapy have been observed during treatment of myofascial pain syndrome patients with chronic back pain 21) . Based on these reports, microcurrent is clearly effective in pain alleviation, tissue regeneration, facilitating wound and fracture healing, repressing bacterial growth, and improving the blood flow rate by relieving tension in the sympathetic nervous system.
In the present study, our aim was to search for methods that would promote the health of diabetes patients. Our approach was to investigate the effect of microcurrent electrical stimulation, provided through a shoe, on blood circulation and pain in the feet of diabetes patients.
SUBJECTS AND METHODS
The subjects of this study were selected from among diabetes patients over the age of 60 living in P city. The study included 32 subjects who were without complications of the heart, kidneys, nerves, and retinas, whose fasting blood glucose was over 120 mg/l, who complained of pain or tingling of the feet that was diagnosed as neuropathy and were being treated with medicines, and who did not ingest any food that could affect blood circulation during the experiment. Having understood the purpose of the study and voluntarily agreeing to participate, the subjects were randomly arranged into an experimental and control group to perform a double blind study. The general characteristics of the 29 subjects who completed the exercise program (3 subjects who failed to continue the exercise program during the experiment were excluded) are given in Table 1 .
The measurement of the blood flow rate in the feet of the diabetes patients was performed at a laboratory temperature maintained at 24 ± 1 and a humidity of 50 ± 10%. The subjects were allowed to take a rest for one hour before the laboratory test. Blood flow rate in the feet was then measured using the Biopac System MP150 pulse plethysmogram (Biopac System, Inc., USA). The subjects assumed a supine position before the measurement and the stable blood flow rate was measured for 30 seconds in that position and again after one hour of walking exercise.
A simple sensor was attached to the tip of the subject's toe and the stable real-time flow rate variation was monitored in the supine position. To eliminate individual differences and to allow comparison of the experimental group with a control group, data were entered into a computer and the measured values before and after the stimulation were normalized, using the stable values as the reference values.
After measuring the stable blood flow rate, the subjects were randomly arranged into a control group and the experimental group. The experimental group was given shoes (G-man, Korea) through which the microcurrent was delivered, while the control group was given the same shape of shoes but without microcurrent. After one hour of walking exercise, the blood flow rate was again measured. The microcurrent delivered by the shoes was a pulsed microcurrent of less than 300 μA.
The degree of foot pain after the microcurrent application to the diabetic subjects was assessed by a Visual Analog Scale (VAS) questionnaire. The degree of pain was measured twice once before beginning the exercise and 4 weeks after performing a walking exercise for one hour per day for 4 weeks.
The data were processed statistically using SPSS ver. 12.0. The independent t-test was performed to verify the significance of the differences in the mean values between the groups and the measurement items within each group. The significance level (α) was chosen as 0.05 for the statistical analysis.
RESULTS
The change in the blood flow rate of the subjects before and after the intervention was as follows. The blood flow rate of the experimental group increased from 2.21 ± 1.50 mv/V before the intervention to 3.40 ± 2.31 mv/V after the intervention. In the control group, blood flow rate increased from 3.51 ± 2.98 mv/V before the intervention to 4.03 ± 2.13 mv/V after the intervention( Table 2 ). The VAS pain of the subjects after the intervention changed as follows: the VAS pain of the experiment group significantly decreased from 6.69 ± 2.00 before the intervention to 3.25 ± 1.73 after the 4 weeks of exercise and that of the control group was reduced from 7.31 ± 1.80 before the intervention to 6.85 ± 2.11 after the 4 weeks of exercise, but not significantly (Table 3) .
DISCUSSION
In this study, we measured the blood flow rate and the degree of pain in the feet of diabetic patients in order to investigate the effects of microcurrent application.
As the size of the elderly population increases, the morbidity rate of chronic diseases is also increasing. To prevent and treat diabetes, a representative chronic disease of the elderly, many studies have been performed using kinesitherapy and drug treatments, however studies examining the use of electric therapy, especially microcurrents, have been rare. In the present study, the subjects with foot pain, which is one of the main diabetic complications, were asked to wear shoes through which microcurrents were delivered to the feet and the foot blood flow rate was measured before and after one hour of walking exercise. The change in foot pain was measured before and after wearing the shoes delivering microcurrents in their daily lives for 4 weeks Various methods of exercise have been introduced to maintain blood sugar levels of diabetes patients at the proper level and to prevent complications such as foot ulcers by improving peripheral blood circulation. Maiorana et al. 22) reported that 8 weeks of aerobic exercise and resistance exercise not only enhanced the cardiovascular functions and muscle strength, but also reduced blood sugar levels. Nam 23) reported that glycosylated hemoglobin level following 12 weeks of Tai-Chi exercise was significantly reduced in non-insulin-dependent diabetes patients compared to a control group. The neural transmission score was also reduced in the exercise group, but not significantly. The lack of significance may have been because the effect was insufficient to initiate the exercise-dependent physiological response that improves neural transmission d u e t o d e c r e a s e d b l o o d s u g a r a n d i m p r o v e d microcirculation. In our study, we investigated the extent to which the blood circulation can be improved by the application of microcurrents accompanied by walking exercise. Blood flow rate was increased in both groups after the intervension, but the change was more significant in the experimental group who wore the microcurrent shoes.
A number of methods to improve peripheral blood circulation with electrical therapy have been proposed. Park and Park 19) measured the blood flow rate of normal adults after applying interferential current in order to investigate the effect on peripheral blood circulation. Their results indicate that peripheral blood circulation is significantly increased by electrical stimulation and they predicted a corresponding enhancement of wound healing and edema relief. Clarke et al. 24) reported that the lower extremity blood flow rate was increased in patients with chronic venous insufficiency by the application of NMES. In our study, blood circulation in the feet of diabetes patients was also significantly improved by applying microcurrent electrical stimulation therapy.
Microcurrent application is now actively used in various fields. Many studies have been published, including those about wound healing through microcurrent stimulation 25) , pain alleviation and functional recovery of chronic back pain patients 26) , and fracture healing 27) . The study of Park et al. 18) used microcurrents delivered by a shoe, as in our study, to investigate the effect on the changes of muscular fatigue, pain, and temperature in the foot. In the cases of patients in their 50s with foot pain, the degree of pain and the body temperature were significantly changed by the microcurrent treatment. Since a rise in body temperature represents an improvement in the blood flow rate, the microcurrent treatment might have had the effect of relieving pain. In our study of diabetic foot neuropathy patients, the blood flow rate was also increased in the group to which microcurrents were applied, above that induced by exercise alone, and the degree of pain was significantly reduced. Based on these results, it appears that microcurrent stimulation exerts a pain relief effect and improves peripheral blood circulation in diabetic neuropathy patients.
Foot lesions in diabetes patients can greatly reduce their quality of life and can lead to amputation in serious cases. Various methods have been developed and used for early diagnosis of this type of diabetic neuropathy. Among these, quantitative sensory nerve tests and microcirculation tests using Doppler effects are commonly used. In the present study, the degree of the blood circulation improvement in the foot, especially at the peripheral tip of the toe, was investigated using a pulse plethysmogram, which quantifies blood flow rate increases by estimating the microvascular diameter based on infrared wave reflection from the blood vessels. Walking was used as the exercise method since it can be easily practiced in daily living and the microcurrents were simply delivered to the human body through the shoes. Our study demonstrates that a therapeutic effect of microcurrent stimulation can easily be applied during the daily activities of diabetes patients and that it may help to improve blood circulation, provide pain relief, and prevent In this study, patients with diabetic neuropathy carried out a walking exercise while wearing shoes that generated a microcurrent. The analysis of the changes in the foot blood flow rate and pain showed significant increases in the blood flow rate and significant decreases in foot pain in the experimental group to which received the microcurrent treatment. Microcurrent stimulation with regular walking exercise was effective for improving the blood circulation of diabetic neuropathy patients. Therefore, microcurrent stimulation may prove helpful for preventing foot ulcers and relieving foot pain of diabetes patients.
